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phase-change random access memory (PRAM) cells and
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access memory (PRAM) cell includes a bottom electrode, a
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change material (PCM) coupled to the heater resistor, and a
top electrode coupled to the phase change material. An active
region between the heater resistor and the phase change mate-
rial 1s defined by a thickness of the heater resistor.
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SHALLOW TRENCH TYPE QUADRI-CELL
OF PHASE-CHANGE RANDOM ACCESS

MEMORY (PRAM)

FIELD OF DISCLOSUR.

(Ll

The disclosed embodiments are related to methods of
forming a phase-change random access memory (PRAM)
cell, and embodiments of phase-change random access
memory (PRAM) cells. More particularly, the embodiments
relate to methods of forming a quadri-cell of phase-change
random access memory (PRAM), and embodiments of

quadri-cells of phase-change random access memory
(PRAM).

BACKGROUND

Phase-change memory (PCM) 1s an emerging memory
having non-volatile features and bit access capability. Phase-

change memory (PCM) beneficially provides fast read/write
speeds, 1s durable, retains data well, and 1s scalable. PCM also
can provide random bit access capability. Therefore, PCM
may be referred to as phase-change random access memory
(PRAM).

A conventional PRAM cell will now be described with
reference to FIG. 1. A PRAM cell commonly includes a
transistor 112 and a PRAM resistor 110. The emaitter of the
PRAM resistor 110 1s connected 1n series to bit line 114, the
transistor 112 1s connected to word line 116, and the collector
of the transistor 112 1s connected to Vss 120. The PRAM
resistor 110 1s used as the storage element 118 of the PRAM
cell.

FI1G. 2 shows a conventional PRAM resistor 110 that canbe
used as the storage element 118 of the conventional PRAM
cell of FIG. 1. A conventional PRAM resistor 110 commonly
includes a phase change material (PCM) 232, a heater resistor
234, a top electrode 230, and a bottom electrode 236. An
active area 238 1s defined by the interface between the PCM
232 and the heater resistor 234.

The PRAM cell uses the characteristic behavior of chalco-
genide glass, which can be “switched” between two states,
1.€., crystalline and amorphous, by the application of heat.
The phase change material (PCM) 232 of the PRAM resistor
110 commonly 1s formed from a phase change compound of
group VI chalcogenic elements S, Se, Te with group IV and V
clements. For example, conventional PRAM commonly uses
a chalcogenide alloy of germanium, antimony and tellurium
(GeSbTe) called GST.

The phase of the chalcogenic alloy can be changed by
applying different temperatures. For example, the chalco-
genide alloy can be heated to a high temperature (over 600°
C.), at which point the chalcogenide becomes a liquid. Once
cooled, the chalcogenide alloy 1s frozen into an amorphic
glass-like state 1n which the electrical resistance of the chal-
cogenide alloy 1s high. By heating the chalcogenide alloy to a
temperature above its crystallization point, but below the
melting point, the chalcogenide alloy can be transformed into
a crystalline state with a much lower resistance. This phase
transition process can be completed 1 as quickly as five
nanoseconds.

For example, as shown 1n FIG. 3A, the phase of chalco-
genic alloy can be set or changed by applying different tem-
peratures, such as Tm and TX, for a predetermined period of
time. For example, 11 the PCM 232 1s 1n the amorphous phase,
a lower temperature Tx can be applied to the PCM 232 for a
longer period of time to set or change the phase of the PCM
232 to the crystalline phase. If the PCM 232 1s 1n the crystal-

10

15

20

25

30

35

40

45

50

55

60

65

2

line phase, a higher temperature, e.g., above i1ts melting point
temperature Tm, can be applied to the PCM 232 for a short

time to reset or change the PCM 232 to the amorphous phase.

As explained above, the amorphous phase commonly has a
high resistivity and the crystalline phase commonly has a low
resistivity. The PRAM cell uses the resistivity difference
between the amorphous phase and the poly-crystal phase of
chalcogenic alloy to provide a storing mechanism. For
example, the amorphic, high resistance state can be defined to
represent a binary “0”, and the crystalline, low resistance state
can be defined to represent a “1”.

For illustrative purposes, FIG. 3B shows a pair of conven-
tional PRAM cells. The first PRAM cell includes a top elec-
trode 340, a phase change matenial (PCM) 342, a heater
resistor 344, and a bottom electrode 346. A word line 348 1s
used to select the first PRAM cell. The second PRAM cell
includes a top electrode 350, a phase change material (PCM)
352, aheater resistor 354, and a bottom electrode 356. A word
line 338 15 used to select the second PRAM cell. The first and
second PRAM cells can share a common bit line 360.

As exemplarily shown in FIG. 3B, the first cell can be set to
the crystalline, low resistance state to represent, for example,
a binary “1”. The second cell can be set to the amorphic, high
resistance state to represent, for example, a binary “0”. The
application of heat by the heater resistor 354 to the PCM 352
sets or changes the phase change maternial to the amorphic,
high resistance state in the active area 362.

With reference again to FIGS. 1-3B, the writing mecha-
nism for the PRAM cell 1s provided by the self-heating result-
ing irom the current flow (Joule effect) through the phase
change matenal interface (e.g., the active area between the
heater resistor and the PCM) of the PRAM resistor 110. The
reading mechanism for the PRAM cell 1s provided by the
resistance difference of PRAM resistor 110.

In conventional PRAM cells, the minimum size of the
contact window between the phase change material (PCM)
and the heater resistor film 1s limited by conventional design
rules. That 1s, the minimum horizontal contact size of the
heater resistor film with the PCM 1s limited or constrained by
the conventional design rule associated with the formation of
the heater resistor film (e.g., half pitch lithography resolu-
tion). Therefore, since the ability to reduce the size of the
active area between the PCM and the heater resistor 1s limited,
the minimum current needed to program the PRAM cell also
1s limited. Furthermore, the minimum writing current needed
to program the conventional PRAM cell 1s limited. That 1s, the
set current and the reset current of the conventional PRAM
cell cannot be reduced beyond a minimum amount based on
the s1ze of the contact area between the heater resistor and the
PCM. Conventional PRAM cells use a bipolar junction tran-
sistor (BJT) device to meet the writing current requirements
and to reduce cell size.

SUMMARY

The disclosed embodiments are directed to methods of
forming a phase-change random access memory (PRAM)
cell, and embodiments of phase-change random access
memory (PRAM) cells. More particularly, embodiments of
the invention are related to methods of forming a quadri-cell
of phase-change random access memory (PRAM), and
embodiments of quadri-cells of phase-change random access
memory (PRAM).

For example, an exemplary embodiment 1s directed to a
phase-change random access memory (PRAM) cell. The
PRAM cell can comprise a bottom electrode, a heater resistor
coupled to the bottom electrode, a phase change material
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(PCM) coupled to the heater resistor, and a top electrode
coupled to the phase change material (PCM). An activeregion
between the heater resistor and the phase change material
(PCM) 1s defined by a thickness of the heater resistor.

Another embodiment 1s directed to a phase-change random
access memory (PRAM) arrangement. The PRAM arrange-
ment can comprise a plurality of phase-change random access
memory (PRAM) cells. Each of the PRAM cells includes a
bottom electrode, and a heater resistor coupled to the bottom
clectrode. The PRAM arrangement can further comprise a
common phase change material (PCM) coupled to the heater
resistor of each of the plurality of PRAM cells, and a top
clectrode coupled to

Yet another embodiment 1s directed to a method of forming
a phase-change random access memory (PRAM) cell. The
method can comprise forming a bottom electrode, forming a
heater resistor coupled to the bottom electrode, forming a
phase change material (PCM) coupled to the heater resistor,
and forming a top electrode coupled to the phase change
material (PCM). An active region between the heater resistor
and the phase change material (PCM) 1s defined by a thick-
ness of the heater resistor.

Another embodiment 1s directed to a method of forming a
phase-change random access memory (PRAM) arrangement.
The method can comprise forming a plurality of phase-
change random access memory (PRAM) cells. Each of the
PRAM cells includes a bottom electrode, and a heater resistor
coupled to the bottom electrode. The method further includes

forming a common phase change material (PCM) coupled to
the heater resistor of each of the plurality of PRAM cells, and
forming a top electrode coupled to the common phase change
material. An active region between the heater resistor of each
of the plurality of PR AM cells and the phase change material
1s defined by a thickness of the heater resistor.

Another embodiment 1s directed to a phase-change random
access memory (PRAM) cell, comprising a resistive means
for generating heat, and a phase change means for allowing
phase change coupled to the resistive means, wherein an
active region between the resistive means and the phase
change means 1s defined by a thickness of the resistive means.

Another embodiment 1s directed to a method of forming a
phase-change random access memory (PRAM) cell. The
method comprises step for forming a heater resistor, and step
for forming a phase change material (PCM) coupled to the
heater resistor, wherein an active region between the heater
resistor and the phase change material (PCM) 1s defined by a
thickness of the heater resistor.

BRIEF DESCRIPTION OF THE DRAWINGS

The accompanying drawings are presented to aid in the
description of embodiments and are provided solely for 1llus-
tration of the embodiments and not limitation thereof.

FIG. 1 1s a schematic of a conventional PRAM cell.

FIG. 2 1s a cross-sectional view of a conventional PRAM
resistor structure.

FIG. 3A 1s a graph showing exemplary temperature curves
for phase change of a conventional PRAM resistor.

FIG. 3B 1s a cross-sectional view of a pair of conventional
PRAM cells.

FI1G. 4 15 a top view of a PRAM quad-cell.

FIG. 5 1s a cross-sectional view of the PRAM quad-cell
illustrated in FIG. 4.

FIG. 6 1s a top view of a PRAM quad-cell.

FIG. 7 1s a cross-sectional view of the PRAM quad-cell
illustrated 1n FIG. 6.
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FIG. 8 1s a flow diagram illustrating a method of forming a
PRAM quad-cell.

FIGS. 9A-9H show cross-sectional views of a method of
forming a PRAM quad-cell during various stages of forma-
tion.

FIG. 10 1s a flow diagram 1llustrating a method of forming,

a PRAM quad-cell.

DETAILED DESCRIPTION

Aspects of the embodiments are disclosed 1n the following
description and related drawings directed to such embodi-
ments. Alternate embodiments may be devised without
departing from the scope of the invention. Additionally, well-

known elements used and applied in the embodiments will
not be described in detail or will be omitted so as not to

obscure the relevant details.

The word “exemplary” 1s used herein to mean “serving as
an example, instance, or illustration.” Any embodiment
described herein as “exemplary” 1s not necessarily to be con-

strued as preferred or advantageous over other embodiments.
Likewise, the term “embodiments™ does not require that all
embodiments include the discussed feature, advantage or
mode of operation.

The terminology used herein 1s for the purpose of describ-
ing particular embodiments only and 1s not intended to be
limiting of the invention. As used herein, the singular forms
“a”, “an” and “the” are intended to include the plural forms as
well, unless the context clearly indicates otherwise. It will be
further understood that the terms “‘comprises”,
“comprising,”’, “includes” and/or “including”, when used
herein, specily the presence of stated features, integers, steps,
operations, elements, and/or components, but do not preclude
the presence or addition of one or more other features, inte-
gers, steps, operations, elements, components, and/or groups
thereof.

Exemplary embodiments are directed to methods of form-
ing a phase-change random access memory (PRAM) cell, and
embodiments of phase-change random access memory
(PRAM) cells. More particularly, embodiments are related to
methods of forming a quadri-cell of phase-change random
access memory (PRAM), and embodiments of quadri-cells of
phase-change random access memory (PRAM).

An aspect of providing high density phase-change random
access memory (PRAM) integration 1s reducing the active
area to reduce the writing current. Because of limitations
associated with the photo/etch process window, the size of the
phase change material (PCM) contact area generally 1s lim-
ited by design rule. In order to overcome this technology
photo/etch limitation of the conventional devices and meth-
ods, the embodiments provide a novel shallow trench type
PCM structure, and method of forming the same, that can
reduce the size of the contact area beyond the conventional
design rule and reduce the current needed to program the
PRAM cell.

By sharing a top electrode and/or a phase change material
(PCM), the embodiments provide an advantage of reducing
PR AM cell size. The embodiments provide an advantage over
the conventional methods and devices by using shallow
trench and heater resistor film thickness to control the PCM
contact window size (e.g., active region). Additionally, the
top cap film allows more of the PCM {ilm to {ill 1n, which can
reduce bulk resistance of the PCM, and which can 1solate the
top electrode from heater resistor.

According to the disclosed embodiments, the size of the
contact window between PCM and heater resistor film can be
reduced by thinning or reducing the heater resistor film thick-
ness as compared to the size provided by the conventional
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design rules. That 1s, the embodiments of the heater resistor
film thickness are not limited or constrained in vertical con-
tact size by the conventional design rule. Accordingly, the size
of the overall phase change resistor can be reduced and less
current 1s needed to program the PRAM cell because of the
reduced size of the active area, as well as the diamond-shaped
PCM f{ilm layout for four bits. By sharing the switching
device and multiplying the number of bits, the embodiments
can 1improve or increase the bitcell density. Furthermore, 1n
contrast to the conventional PR AM cells, which use a bipolar
junction transistor (BTJ) device to program the phase-change
random access memory (PRAM) cell, the embodiments can
provide a metal oxide semiconductor (MOS) device to pro-
gram the phase-change random access memory (PRAM) cell
without increasing the PRAM cell size.

With reference to FIGS. 4 and 5, an exemplary embodi-
ment of a shallow trench type quadri-cell for providing high
density PRAM integration will now be described.

As shown 1n FIGS. 4 and 5, each of the PRAM cells
includes a bottom electrode 400 that 1s coupled to a heater
resistor 402 by a via 416. A cap film 412 1s formed over each
heater resistor 402. The quadri-cell structure includes a phase
change material (PCM) 404 that 1s shared by each of the four
PRAM cells. The quadri-cell structure also includes a top
clectrode 408 that 1s shared by four PRAM cells. The top
clectrode 408 can be coupled to the metal wire 418 by a via
406. By providing a shared top electrode 408 and shared PCM
404, the size of each of the PRAM cells can be reduced. As
shown 1n the embodiment of FI1G. 4, the PCM 404 and/or the
top electrode 408 can be provided with a diamond-shape
layout. The PCM 404 and/or the top electrode 408 can include
a diamond-shaped central portion having leg portions that
radiate or extend from the central portion to each of the
individual PRAM cells. By providing, for example, a dia-
mond-shaped layout of the PCM 404 and/or the top electrode
408, the size of each of the PRAM cells can be reduced, and
the density of the PRAM cell arrangement can be increased.
The ordinarily skilled artisan will recognize that the embodi-
ments are not limited to a diamond-shaped layout and other
arrangements and shapes clearly are contemplated by the
embodiments.

An aspect of the PRAM cell arrangement 1s that the trench
depth d, which 1s formed 1n the interlayer dielectric (ILD)
414, controlled by the thickness of the heater resistor 402
(e.g., heater resistor film). In an alternative embodiment, the
thickness of the heater resistor 402 can be controlled by the
deposition of the heater metal film followed by patterning of
the heater metal film to form the heater resistor 402. The
thickness of the heater resistor 402 controls the PCM contact
window size, which 1s shown by the active region 410
between the heater resistor 402 and the PCM 404. The shal-
low trench 1s formed by a photo/etching process using the cap
film 412 or heater resistor 402 metal film as a hardmask for
providing self-alignment to a sidewall of the heater resistor
402. The PCM 404 1s deposited into the trench and any extra
PCM film on top of the cap film 412 surface or heater resistor
402 surtace 1s removed by a chemical mechanization pla-
narization (CMP) process.

In an embodiment, the PCM film can be deposited to a
thickness such that the top surface of the resulting PCM 404
1s above a top surface of the heater resistor 402. The PCM 404
also can be formed such that the top surface of the PCM 404
1s level with or above a top surface of the cap film 412. The
CMP process or etching process ol the PCM 404 1s performed
at a distance (e.g., a mimimum distance) from the PCM active
area. This predetermined distance (e.g., minimum distance)
can prevent or reduce an impact of the CMP/etching process
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on the PCM active region. The cap film 412 formed over the
heater resistor 402 allows more PCM film to fill in, which can

reduce the bulk resistance of the PCM 404, and which pro-

vides an advantage of 1solating the top electrode 408 from the
heater resistor 402.

As shown 1n FI1G. 5, the heater resistor 402 1s deposited and
patterned such that the thickness of the heater resistor 402
corresponds to the trench depth d. According to the embodi-
ment, the contact height of the heater resistor 402 and the
PCM 404 contact area can be easily controlled based on the
thickness (1.e., trench depth d) of the heater resistor 402. By
thinning or reducmg the thickness of the heater resistor 402,

the size of the contact window (1.e., active region 410)
between the heater resistor 402 and the PCM 404 can be
reduced compared to the size of the contact window using the
conventional design rule. Accordingly, the overall size of the
phase change resistor can be reduced. The current needed to
program the PRAM cell can be reduced as a result of the
smaller active area and diamond PCM film layout. According,
to another embodiment, a Metal Oxide Semiconductor
(MOS) device may be used instead of a bipolar junction
transistor (BJ'T) device to program the PRAM cell without
increasing the cell size.

In an embodiment, the heater resistor 402 can be formed
using a higher resistivity metal to generate a Joule effect while
the writing occurs. One of ordinary skill 1n the art will rec-
ognize that the sidewall of the heater resistor 402 can be
formed from other materials. Other materials are contem-
plated by the embodiments and the material of the PCM 404
1s not limited to a compound of group VI chalcogenic ele-
ments S, Se, Te with group IV and V elements.

According to the embodiment, the thickness (1.e., vertical
dimension) of the film used to form the heater resistor 402 can
be used to control the contact window size (contact area 410)
between the heater resistor 402 and the PCM 404. Theretore,
the disclosed embodiment 1s not constrained by the limita-
tions associated with the conventional photo/etch process
window 1n the vertical direction, and the size of the phase
change material (PCM) contact area 1s not limited by design
rule. Hence, the disclosed embodiments can reduce the size of
the contact area beyond the conventional design rule and
reduce the current needed to program the PRAM cell.

With reference to FIGS. 6 and 7, another exemplary
embodiment of a shallow trench type quadri-cell for provid-
ing high density PRAM integration will now be described.

As shown 1in FIGS. 6 and 7, each of the PRAM cells
includes a bottom electrode 600 that 1s coupled to a heater
resistor 602 by a via 616. A cap film 612 1s formed over each
heater resistor 602. The quadri-cell structure includes a phase
change material (PCM) 604 that 1s shared by each of the four
PRAM cells. The quadri-cell structure also includes a top
clectrode 608 that 1s shared by four PRAM cells. The top
clectrode 608 can be coupled to the metal wire 618 by a via
606. By providing a shared top electrode 608 and shared PCM
604, the size of each of the PRAM cells can be reduced. As
shown 1n the embodiment of FIG. 6, the top electrode 608 can
be provided with a diamond-shape layout. The top electrode
608 can include a diamond-shaped central portion having leg
portions that radiate or extend from the central portionto each
of the individual PRAM cells. By providing, for example, a
diamond-shaped layout of the top electrode 608, the size of
cach of the PRAM cells can be reduced, and the density of the
PRAM cell arrangement can be increased. The ordinarily
skilled artisan will recogmize that the embodiments are not
limited to a diamond-shaped layout and other arrangements
and shapes clearly are contemplated by the embodiments.
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The PCM 604 can be provided, for example, with a simple
rectangular or square shape. Other shapes also are contem-
plated by the embodiments.

An aspect of the PRAM cell arrangement 1s that the trench
depth d, which 1s formed 1n the interlayer dielectric (ILD)
614, 1s controlled by the thickness of the heater resistor 602
(e.g., heater resistor film). In an alternative embodiment, the
thickness of the heater resistor 602 can be controlled by the
deposition of the heater metal film followed by patterning of
the heater metal film to form the heater resistor 602. The
thickness of the heater resistor 602 controls the PCM contact
window size, which 1s shown by the active region 610
between the heater resistor 602 and the PCM 604. The shal-
low trench 1s formed by a photo/etching process using cap/
heater resistor metal film as a hardmask for self-alignment to
the sidewall of the heater resistor 602. The PCM 604 1s
deposited mnto the trench and any extra PCM {ilm on top of the
cap film 612 surface or the heater resistor 602 surface is
removed by performing a chemical mechanization planariza-
tion (CMP) process. The CMP process or etching process of
the PCM 604 1s performed at a distance (e.g., a minimum
distance) from the PCM active area. The distance (e.g., mini-
mum distance) can prevent or reduce an impact of the CMP/
etching process on the PCM active region. The cap film 612
tormed over the heater resistor 602 allows more PCM {ilm to
fill 1n, which can reduce the bulk resistance of the PCM 604,
and which provides an advantage of i1solating the top elec-
trode 608 from the heater resistor 602.

As shown 1n FIG. 7, the heater resistor 602 1s deposited/
patterned and thickness of the heater resistor 602 corresponds
to the trench depth d. According to the embodiment, the
contact height of the heater resistor 602 and the PCM 604 can
be easily controlled based on the thickness (1.e., trench depth
d) of the heater resistor 602. By thinning or reducing the
thickness of the heater resistor 602, the size of the contact
window (1.e., active region 610) between the heater resistor
602 and the PCM 604 can be reduced compared to the size of
the contact window using the conventional design rule.
Accordingly, the overall size of the phase change resistor can
be reduced. The current needed to program the PRAM cell
can be reduced as a result of the smaller active area and
diamond PCM film layout. According to another embodi-
ment, a Metal Oxide Semiconductor (MOS) device may be
used 1nstead of a bipolar junction transistor (BJT) device to
program the PRAM cell without increasing the cell size.

In an embodiment, the heater resistor 602 can be formed
using a higher resistivity metal to generate a Joule efl

ect while
the writing occurs. One of ordinary skill in the art will rec-
ognize that the heater resistor 602 can be formed from mate-
rials sidewall. Other materials are contemplated by the
present mvention and the material of the PCM 604 1s not
limited to a compound of group VI chalcogenic elements S,
Se, Te with group IV and V elements.

According to the embodiment, the thickness (1.e., vertical
dimension) of the film used to form the heater resistor 602 can
be used to control the contact window size (contact area 610)
between the heater resistor 602 and the PCM 604. Therefore,
the embodiments are not constrained by the limitations asso-
ciated with the photo/etch process window in vertical direc-
tion, and the size of the phase change material (PCM) contact
area 1s not limited by design rule. Hence, the embodiments
can reduce the size of the contact area beyond the conven-
tional design rule and reduce the current needed to program
the PRAM cell.

An exemplary method of forming a PRAM cell arrange-
ment will now be described with reference to FIGS. 8, 9A-9H,
and 10. One of ordinary skill will recognize that the exem-
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plary methods can be used to form a single PRAM cell or a
plurality of PRAM cells, including, for example, a quadri-cell
of PRAM.

As shown 1n FIG. 9A, an embodiment of the method
includes patterning the bottom electrodes 400 (800). A first
interlayer dielectric (ILD) film 414a 1s deposited over the
bottom electrodes 400, and a chemical mechanical polishing
(CMP) process 1s performed (810). A via opeming 1s etched 1n
the first ILD 414a and filled with metal to form a first via
interconnect 416, followed by a CMP process of the via
interconnect 416 and the first ILD 414a (820), as shown 1n
FIG. 9B.

With reference to FI1G. 9C, a heater metal film and cap film
are deposited and pattered by a photo/etching process to form
a heater resistor 402 and a cap film 412. In an embodiment,
the thickness of the heater resistor 402 can be controlled by
the deposition of the heater metal film followed by patterming
ol the heater metal film to form the heater resistor 402. For
example, a cap film 1s deposited on the heater metal film.
Then, the heater metal film and the cap film are patterned by
a photo/etching process to form the heater resistor 402 and
cap film 412 (830). The trench depth d of the sidewall of the
heater resistor 402 1s controlled by the thickness of the heater
metal film, which provides an advantage of controlling the
active region between the resulting heater resistor 402 and the
phase change material 404 formed 1n a subsequent step. The
PCM active area 1s at a predetermined distance (e.g., a pre-
determined minimum distance) from the area of the PCM 404
that 1s subjected to the CMP process or etching. The distance
can prevent or reduce the impact on the PCM active region
from the CMP process or etching process. A second ILD 4145
1s deposited over the cap film 412 and the heater resistor 402
and a CMP process 1s performed (840), as shown in FIG. 9D.

Next, a phase change material contact window opening 1s
formed by shallow trench etching (850) and the PCM f{ilm 1s
deposited and patterned to form the PCM 404 using a CMP
process or a photo/etching process (860), as shown in FIG.
OF.

In an embodiment, the PCM {ilm can be deposited to a
thickness such that the top surface of the resulting PCM 404
1s above a top surface of the heater resistor 402. The PCM 404
also can be formed such that the top surface of the PCM 404
1s level with or above a top surface of the cap film 412. As
explained above, the PCM active area can be arranged at a
predetermined distance (e.g., a predetermined minimum dis-
tance) from the area of the PCM 404 that 1s subjected to the
CMP process or etching. This distance can prevent or reduce
the impact on the PCM active region from the CMP process or
etching process.

The top electrode film 1s deposited and patterned to form
the top electrode 408 (870), as shown in FIG. 9F. Next, a thard
ILD film 414c¢ 1s deposited and a CMP process 1s performed
(880). An opening 1s formed in the third ILD 414¢ down to the
top electrode 408 and the openming 1s filled with metal to form
the second via interconnect 406. The third ILD 414¢ and the
second via interconnect 406 are subjected to a CMP process
(890), as shown 1n FIG. 9G. A top metal wire 418 (e.g., bit
line) can be coupled to the second via interconnect 406, as
shown 1n FIG. 9H.

With reference to FIG. 10, an embodiment of a method can
include forming a plurality of bottom electrodes (1000) and
depositing an interlayer dielectric, followed by chemical
mechanical polishing (CMP) (1010). The method can include
forming a plurality of via openings and filling the opening
with metal to form a plurality of via interconnects, followed
by a CMP process (1020). Next, a plurality of heater resistors
with cap films are formed (1030). An ILD 1s deposited, fol-
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lowed by a CMP process (1040). A phase change material
(PCM) window opening 1s formed using shallow trench etch-
ing (1050) and the phase change material 1s deposited to form

a common PCM for each of the plurality of heater resistors
(1060). Next, a top electrode 1s formed over the PCM (1070).

An ILD 1s deposited and a CMP process 1s performed (1080).

Finally, a via interconnect is formed in the ILD and coupled to
the top electrode, followed by a CMP process (1090). A top

metal wire (e.g., bit line) 1s coupled to the via interconnect.

It will be appreciated that the PRAM cells and PRAM cell
arrangements 1llustrated for example 1n FIGS. 4 and 6 may be
included within a mobile phone, portable computer, hand-
held personal communication system (PCS) unit, portable
data units such as personal data assistants (PDAs), GPS
enabled devices, navigation devices, settop boxes, music
players, video players, entertainment units, fixed location
data units such as meter reading equipment, or any other
device that stores or retrieves data or computer instructions,
or any combination thereof. Accordingly, embodiments of the
disclosure may be suitably employed 1n any device which
includes active integrated circuitry including memory and
on-chip circuitry for test and characterization.

The foregoing disclosed devices and methods are typically
designed and are configured into GDSII and GERBER com-
puter files, stored on a computer readable media. These files
are 1n turn provided to fabrication handlers who fabricate
devices based on these files. The resulting products are semi-
conductor waters that are then cut 1nto semiconductor die and
packaged mto a semiconductor chip. The chips are then
employed 1n devices described above.

Those of skill 1n the art will appreciate that the disclosed
embodiments are not limited to illustrated examples and any
means for performing the functionality described herein are
included in the embodiments.

While the foregoing disclosure shows illustrative embodi-
ments, 1t should be noted that various changes and modifica-
tions could be made herein without departing from the scope
of the mvention as defined by the appended claims. The
functions, steps and/or actions of the method claims 1n accor-
dance with the embodiments described herein need not be
performed 1n any particular order. Furthermore, although ele-
ments of the embodiments may be described or claimed 1n the
singular, the plural 1s contemplated unless limitation to the
singular 1s explicitly stated.

What 1s claimed 1s:
1. A phase-change random access memory (PRAM) cell,
comprising;
a heater resistor;
a phase change material (PCM) coupled to the heater resis-
for;
a top electrode coupled to the phase change material
(PCM); and
a second via interconnect coupled to the top electrode, the
second via, interconnect having an axis;
wherein the heater resistor 1s radially disposed with respect to
the axis of the second via interconnect and wherein an active
region between the heater resistor and the phase change mate-
rial (PCM) 1s defined by a thickness of the heater resistor.
2. The PRAM cell according to claim 1, further compris-
ng:
a bottom electrode, wherein the heater resistor 1s coupled to
the bottom electrode.
3. The PRAM cell according to claim 2, wherein the bot-
tom electrode 1s coupled to the heater resistor by a first via
interconnect.
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4. The PRAM cell according to claim 1, further compris-
ng:

a top metal wire coupled to the top electrode.

5. The PRAM cell according to claim 4, wherein the top
metal wire 1s coupled to the top electrode by the second via
interconnect.

6. The PRAM cell according to claim 1, further compris-
ng:

a cap film formed over the heater resistor.

7. The PRAM cell according to claim 6, wherein a top
surface of the phase change material (PCM) 1s level with or
above a top surface of the cap film.

8. The PRAM cell according to claim 1, wherein a top
surface of the phase change material (PCM) 1s above a top
surface of the heater resistor.

9. The PRAM cell according to claim 1, wherein an active
region of the phase change material 1s at a predetermined
distance from a top surface of the phase change material
(PCM).

10. The PRAM cell according to claim 1 integrated 1n east
one semiconductor die.

11. The PRAM cell according to claim 1, wherein the
PRAM cell 1s integrated 1n an electronic device selected from
the group consisting of a set top box, music player, video
player, entertainment unit, navigation device, communica-
tions device, personal digital assistant (PDA), fixed location
data unit, and a computer.

12. A phase-change random access memory (PRAM)
arrangement, comprising:

a plurality of phase-change random access memory
(PRAM) cells, wherein each of the PRAM cells
includes:

a heater resistor:;

a common phase change material (PCM) coupled to the
heater resistor of each of the plurality of PRAM cells;

a common top electrode coupled to the common phase
change material (PCM); and

a second via interconnect coupled to the common top elec-
trode, the second via having axis;

wherein the heater resistor of each of the plurality of PRAM

cells 1s radially disposed with respect to the axis of the second
via mterconnect and wherein an active region between the
heater resistor of each of the plurality of PRAM cells and the
common phase change material (PCM) 1s defined by a thick-
ness of the heater resistor.

13. The PRAM arrangement according to claim 12, further
comprising;

a bottom electrode, wherein the heater resistor 1s coupled to

the bottom electrode.

14. The PRAM arrangement according to claim 13,
wherein the bottom, electrode 1s coupled to the heater resistor
by a first via interconnect.

15. The PRAM arrangement according to claim 12, further
comprising:

a top metal wire coupled to the common top electrode.

16. The PRAM arrangement according to claim 15,
wherein the top metal wire 1s coupled to the common top
clectrode by the second via interconnect.

17. The PRAM arrangement according to claim 13,
wherein the common top electrode has a central portion and a
plurality of portions extending from the central portion to the
plurality of PRAM cells.

18. The PRAM arrangement according to claim 17,
wherein the central portion of the common top electrode has
a diamond-shape.
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19. The PRAM arrangement according to claim 13,
wherein the common top electrode has a rectangular-shaped
layout or a square-shaped layout.

20. The PRAM arrangement according to claim 12, further
comprising:

a cap lilm formed over the heater resistor of each of the

plurality of PRAM cells.

21. The PRAM arrangement according to claim 20,
wherein a top surface of the common phase change material
(PCM) 15 level with or above a top surface of the cap film of
cach of the plurality of PRAM cells.

22. The PRAM arrangement according to claim 12,
wherein a top surface of the phase change material (PCM) 1s
above a top surface of the heater resistor of each of the

plurality of PRAM cells.

23. The PRAM arrangement according to claim 12,
wherein an active region of the common phase change mate-
rial (PCM) 1s at a predetermined distance from a top surface
of the common phase change material (PCM).

24. The PRAM arrangement according to claim 12,
wherein the common phase change material (PCM) has a
central portion and a plurality of portions extending from the
central portion to the plurality of PRAM cells.

25. The PRAM arrangement according to claim 24,
wherein the central portion of the common phase change
material (PCM) has a diamond-shape.

26. The PRAM arrangement according to claim 12,
wherein the common phase change material (PCM) has a
rectangular-shaped layout or square-shaped layout.

27. The PRAM arrangement of claim 12 integrated in at
least one semiconductor die.

28. The PRAM arrangement of claim 12, wherein the
PRAM arrangement 1s integrated in an electronic device
selected from the group consisting of a set top box, music
player, video player, entertainment unit, navigation device,
communications device, personal digital assistant (PDA),
fixed location data unit, and a computer.

29. A method of forming a phase-change random access
memory (PRAM) cell, the method comprising:

forming a heater resistor;

forming a phase change material (PCM) coupled to the

heater resistor;

forming a top electrode coupled to the phase change mate-

rial (PCM); and

forming a second via iterconnect coupled to the to elec-

trode the second via interconnect having an axis;
wherein the heater resistor 1s radially disposed with respect to
the axis of the second via interconnect and wherein an active
region between the heater resistor and the phase change mate-
rial (PCM) 1s defined by a thickness of the heater resistor.

30. The method according to claim 29, further comprising:

forming a bottom electrode, wherein the heater resistor 1s

coupled to the bottom electrode.

31. The method according to claim 30, further comprising:

forming a first via interconnect that couples the bottom

clectrode to the heater resistor.

32. The method according to claim 29, further comprising;:

forming a cap film over the heater resistor.

33. The method according to claim 32, wherein forming the
phase change material (PCM) includes depositing the phase
change material (PCM) at a predetermined thickness such
that a top surface of the phase change material (PCM) 1s level
with or above a top surface of the cap film.

34. The method according to claim 29, wherein forming the
phase change material (PCM) includes depositing the phase
change material (PCM) at a predetermined thickness such
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that a top surface of the phase change material (PCM) 1s above
a top surface of the heater resistor.

35. The method according to claim 29, wherein an active
region of the phase change material (PCM) 1s at a predeter-
mined distance from a top surface of the phase change mate-
rial (PCM).

36. The method according to claim 29, wherein the PRAM
cell 1s applied 1n an electronic device, selected from the group
consisting of a set top box, music player, video player, enter-
tainment unit, navigation device, communications device,
personal digital assistant (PDA), fixed location data unit, and
a computer, into which the PRAM cell 1s integrated.

37. A method of forming a phase-change random access
memory (PRAM) arrangement, the method comprising:

forming a plurality of phase-change random access

memory (PRAM) cells, wherein each of the PRAM cells
includes a heater resistor:

forming a common phase change material (PCM) coupled

to the heater resistor of each of the plurality of PRAM
cells;

forming a top electrode coupled to the common phase

change maternial (PCM); and

forming a second via interconnect coupled to the to elec-

trode the second via interconnect having an axis;
wherein the heater resistor of each of the plurality of PRAM
cells 1s radially disposed with respect to the axis of the second
via mterconnect and wherein an active region between the
heater resistor of each of the plurality of PRAM cells and the
phase change material 1s defined by a thickness of the heater
resistor.

38. The method according to claim 37, wherein each of the
PRAM cells further includes a bottom electrode, wherein the
heater resistor of each of the PRAM cells 1s coupled to the
respective bottom electrode.

39. The method according to claim 38, further comprising:

forming a first via interconnect that couples the respective

bottom electrode to the heater resistor.

40. The method according to claim 37, wherein the top
clectrode has a central portion and a plurality of portions
extending from the central portion to the plurality of PRAM
cells.

41. The method according to claim 40, wherein the central
portion of the top electrode has a diamond-shape.

42. The method according to claim 37, wherein the top
clectrode has a rectangular-shaped layout or a square-shaped
layout.

43. The method according to claim 37, further comprising:

forming a cap film over the heater resistor of each of the

plurality of PRAM cells.

44 . The method according to claim 43, wherein forming the
common phase change material (PCM) includes depositing
the common phase change material (PCM) at a predeter-
mined thickness such that a top surface of the common phase
change material (PCM) 1s level with or above a top surface of
the cap film of each of the plurality of PRAM cells.

45. The method according to claim 37, wherein forming the
common phase change material (PCM) includes depositing
the common phase change material (PCM) at a predeter-
mined thickness such that a top surface of the common phase
change material (PCM) 1s above a top surface of the heater
resistor of each of the plurality of PRAM cells.

46. The method according to claim 37, wherein an active
region of the common phase change material (PCM) 1s at a
predetermined distance from a top surface of the common
phase change material (PCM).
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47. The method according to claim 37, wherein the com-
mon phase change material (PCM) has a central portion and
a plurality of portions extending from the central portion to
the plurality of PRAM cells.

48. The method according to claim 47, wherein the central
portion of the common phase change material (PCM) has a
diamond-shape.

49. The method according to claim 37, wherein the com-
mon phase change material (PCM) has a rectangular-shaped

layout or square-shaped layout.
50. The method according to claim 37, wherein the PRAM

arrangement 1s applied 1n an electronic device, selected from
the group consisting of a set top box, music player, video
player, entertainment unit, navigation device, communica-
tions device, personal digital assistant (PDA), fixed location
data unit, and a computer, 1nto which the PRAM arrangement
1s 1ntegrated.
51. A phase-change random access memory (PRAM) cell,
comprising:
a resistive means for generating heat; and
a phase change means for allowing phase change coupled
to the resistive means:
a second electrode means for electrically connecting the
PRAM cell coupled to the phase change means; and
a second 1nterconnect means for providing electrical con-
nection to the second electrode means the second inter-
connect means having an axis;

wherein the resistive means 1s radially disposed with respect
to the axis of the second interconnect means and wherein an
active region between the resistive means and the phase
change means 1s defined by a thickness of the resistive means.

52. The PRAM cell according to claim 31, further com-
prising:

first electrode means for electrically connecting the PRAM

cell coupled to the resistive means.

53. The PRAM cell according to claim 32, further com-
prising:

first interconnect means for interconnecting the first elec-

trode means to the resistive means.

54. The PRAM cell according to claim 51, further com-
prising;:

cap means for capping the resistive means.

55. The PRAM cell according to claim 54, wherein form-
ing the phase change means includes depositing the phase
change means at a predetermined thickness such that a top
surface of the phase change means 1s level with or above a top
surface of the cap means.

56. The PRAM cell according to claim 31, wherein form-
ing the phase change means includes depositing the phase
change means at a predetermined thickness such that a top
surface of the phase change means 1s above a top surface of
the resistive means.
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57. The PRAM cell according to claim 51, wherein an
active region o the phase change means 1s at a predetermined

distance from a top surface of the phase change means.
58. The PRAM cell according to claim 51, wherein the
PRAM cell 1s applied 1n an electronic device, selected from

the group consisting of a set top box, music player, video
player, entertainment unit, navigation device, communica-
tions device, personal digital assistant (PDA), fixed location
data umt, and a computer, into which the PRAM cell 1s
integrated.

59. A method of forming a phase-change random access
memory (PRAM) cell, the method comprising:

step for forming a heater resistor;

step for forming a phase change material (PCM) coupled to

the heater resistor;

step for forming a top electrode coupled to the phase

change material (PCM); and

step for forming a second via interconnect that 1s coupled to

the to electrode, the second via interconnect having an
axis;
wherein the heater resistor 1s radially disposed with respect to
the axis of the second via interconnect and wherein an active
region between the heater resistor and the phase change mate-
rial (PCM) 1s defined by a thickness of the heater resistor.

60. The method according to claim 59, further comprising;:

step for forming a bottom electrode, wherein the heater

resistor 1s coupled to the bottom electrode.

61. The method according to claim 60, further comprising;:

step for forming a first via interconnect that couples the

bottom electrode to the heater resistor.

62. The method according to claim 589, further comprising;:

step for forming a cap film over the heater resistor.

63. The method according to claim 62, wherein forming the
phase change material (PCM) includes depositing the phase
change matenal (PCM) at a predetermined thickness such
that a top surface of the phase change matenial (PCM) 1s level
with or above a top surface of the cap film.

64. The method according to claim 59, wherein forming the
phase change material (PCM) includes depositing the phase
change material (PCM) at a predetermined thickness such
that a top surface of the phase change material (PCM) 1s above
a top surface of the heater resistor.

65. The method according to claim 39, wherein an active
region of the phase change material (PCM) 1s at a predeter-
mined distance from a top surface of the phase change mate-
rial (PCM).

66. The method according to claim 59, wherein the PRAM
cell1s applied 1 an electronic device, selected from the group
consisting of a set top box, music player, video player, enter-
tainment unit, navigation device, communications device,
personal digital assistant (PDA), fixed location data unit, and
a computer, into which the PRAM cell 1s integrated.
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